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(54) HYBRID CONSTRUCTION MACHINE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hybrid construction machine 
which can downsize its engine by leveling load on the engine, and 
efficiently regenerating energy by a simple system. 
SOLUTION: The hybrid construction machine is comprised of a 
hydraulic pump 2 driven by the engine 1, an electric motor 7 driven by 
the engine 1, a battery 9 for charging electric power generated by the 
electric motor 7, an electric motor 10 for rotation, which is driven by 
electric power of the battery 9, for carrying out power generation at 
the time of braking rotation, hydraulic pump absorbed torque detecting 
means 33. 34, and a control device 5. The control device controls 
power generation of the electric motor 7 by using surplus torque when 
the absorbed torque is smaller than engine torque, and controls motor 
operation of the electric motor 7 in order to make up for shortage of 
torque when the absorbed torque is larger than the engine torque. 
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CLAIMS 



[Claim(s)] 

[Claim 1] On the revolving super-structure arranged free [ revolution on a base 
carrier ], an engine. The hydraulic pump driven with an engine, and the actuator 
driven with the discharged oil from a hydraulic pump, In the hybrid type construction 
equipment equipped with the 1st motor driven with an engine, the dc-battery which 
charges the generated output by the 1st motor, and the 2nd motor driven with the 
power of a dc-battery An absorption torque detection means for said 2nd motor to be 
a motor for revolving-super-structure revolution which carries out generation-of- 
electrical-energy actuation at the time of revolution braking, and charges generated 
output at a dc-battery, and to detect the absorption torque of a hydraulic pump. The 
predetermined output torque of the engine which becomes settled with an engine 
property is compared with the absorption torque of the hydraulic pump detected by 
the absorption torque detection means. When the absorption torque of a hydraulic 
pump is smaller than an engine predetermined output torque The hybrid type 
construction equipment characterized by having the control device which controls 
generation-of-electrical-energy actuation of the 1st motor by excessive torque, and 
controls motor actuation of the 1st motor to generate the torque of an insufficiency 
when the absorption torque of a hydraulic pump is larger than engine predetermined 
torque. 

[Claim 2] It is the hybrid type construction equipment which said actuator is a boom 
cylinder in a hybrid type construction equipment according to claim 1, and is 
characterized by having the hydraulic motor which rotates from return oil from the 
bottom side of a boom cylinder, and the generator which is connected with this 
hydraulic motor and charges generated output at a dc-battery. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a hybrid type construction equipment 
[0002] 

[Description of the Prior Art] The conventional construction equipment has a 
hydraulic-drive method in use. For example, the hydraulic excavator is performing 
drive of an activity machine, revolution of a revolving super-structure, and transit of a 
base carrier with the actuator (an oil hydraulic cylinder, hydraulic motor). And it is 
breathed out from the hydraulic pump which makes an engine a driving source, and is 
working by controlling the pressure oil supplied to these actuators. 
[0003] The activity of a hydraulic excavator has not only the activity that always 
needs 100% of capacity to engine capacity but many activities which will end if 90% 
and 80% of capacity is taken out. That is, as shown in the engine-torque property Fig. 
of drawing 3 , activity mode called the point PL in in the "light load mode" in which 
the point PS of "being usually load mode" of usually doing a load activity, and a light 
load activity are done is set up to the point PH in in the "heavy-loading mode" in 
which the heavy-loading activity of an output is done 100%. and the absorption torque 
of a hydraulic pump matches with an engine output torque in each point PH, PS, and 
PL - like - etc. ~ horsepower control (the discharge quantity of a hydraulic pump is 
controlled according to PQ curve (etc. - a horsepower curve) so that the absorption 
torque in a matching point is acquired) is performed, an engine output is utilized 
effectively, and improvement in fuel consumption is aimed at. In addition, since an 
actuator is driven, the absorption torque of a hydraulic pump is torque which a 
hydraulic pump requires of an engine, 

[0004] In the above-mentioned hydraulic excavator, the engine which has the output 
which is in agreement with the maximum need horsepower in case a car works, i.e., 
the engine whose rated output point PH of an engine-torque curve corresponds on the 
maximum need horsepower line L shown in drawing 3 , is carried. Drawing 4 is a 
graph showing transition of the absorption horsepower of the hydraulic pump in 1 
cycle at the time of doing the "digging loading activity" which circles in the earth and 
sand which are matched by 90% of engine rated output, and which were excavated in 
"being usually load mode", and is loaded into a discharge car. When the load effect of 
a hydraulic excavator is compared with a passenger car etc., it is very intense, as 
shown also in this graph, there are allowances in engine horsepower, the rate of an 
average load to the maximum horsepower of the engine in 1 cycle is about 80%, and 
the rate of an average load of the engine at the time of measuring by the activity 
containing transit migration, damp car both waiting, etc. on the 1st becomes about 
60%. When doing the activity by "heavy-loading mode", similarly the rate of an 
average load does not become in 100% by the load effect. That is, in the hydraulic 
excavator carrying the engine which has an output of the maximum need horsepower, 
the output which an engine can take out cannot be used effectively. 
[0005] As a technique which solves this problem, it had the engine, the generator 
driven with an engine, the dc-battery which stores electricity the generated output by 
this, and the motor driven with the power of this dc-battery, for example, the so-called 
construction equipment of the hybrid type indicated by JP,10-1031 12,A is proposed in 
recent years. The hybrid type hydraulic excavator of the above-mentioned official 
report is explained using drawing 5 . 

[0006] The pressure oil breathed out from the variable-capacity-type hydraulic pump 
52 driven with an engine 51 is supplied to oil hydraulic cylinder 54a for an activity 
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machine drive, and hydraulic-motor 54b for a transit drive through a control valve 53. 
Moreover, the pressure oil of the accumulator 56 held by the pressure accumulation 
auxiliary means 55 at 1 or more constant pressures is supplied to the oil pressure 
pump motor 58 for revolution through a control valve 57. Thereby, oil hydraulic 
cylinder 54a, hydraulic-motor 54b, and the oil pressure pump motor 58 drive, and the 
drive of an activity machine, transit of a base carrier, and revolution of a revolving 
super-structure are attained. At the time of revolution braking, the oil pressure pump 
motor 58 is switched to pump actuation, and is regenerated to an accumulator 56 by 
making inertia energy into pressure energy with rotation of the oil pressure pump 
motor 58. 

[0007] The hydraulic pump 52 is equipped with the 1st motor 60 which serves as a 
generator, and change-over control with generation-of-electrical-energy actuation and 
assistant actuation and the torque control in each are performed by the controller 61. 
Similarly the oil pressure pump motor 58 is equipped with the 2nd motor 62 which 
serves as a generator, and change-over control with generation-of-electrical-energy 
actuation and assistant actuation and the torque control in each are performed by the 
revolution controller 63. The dc-battery 64 is connected to the controller 61 and the 
revolution controller 63, the electrical energy obtained by generation-of-electrical- 
energy actuation of the 1st and 2nd motors 60 and 62 is stored electricity, and 
electrical energy required for assistant actuation of the 1st and 2nd motors 60 and 62 
is discharged. 

[0008] The engine 51 which centrifugal-spark-advancer 51a governs is usually driven 
at the fixed rotational frequency. A workload is small, and when the absorption torque 
of a hydraulic pump 52 is smaller than the output torque of an engine 51, a controller 
61 performs the torque control of the 1st motor 60 so that the 1st motor 60 may be 
generated by a change and surplus torque to generation-of-electrical-energy actuation, 
and is storing electricity the electrical energy generated by surplus torque at the dc- 
battery 64. A workload is large, and when the absorption torque of a hydraulic pump 
52 is larger than the output torque of an engine 5 1, a controller 61 performs the torque 
control of the 1st motor 60 so that the torque of an insufficiency may be generated for 
the 1st motor 60 with a change and the spark discharge energy from a dc-battery 64 in 
assistant actuation. 

[0009] as the revolution controller 63 carries out assistant actuation of the accelerating 
rotation at the time of motor actuation of (1) oil-pressure pump motor 58, it carries out 
the torque control of the 2nd motor 62 based on the command value by the revolution 
control lever 65, and the detection value by the rotation sensor 66, and it changes and 
revives the inertia energy which exceeds the capacity of an accumulator 56 at the time 
of pump actuation of (2) oil-pressure pump motor 58 to electrical energy - as - the 
torque control of generation-of-electrical-energy actuation — carrying out . 
[0010] According to the above-mentioned configuration, when a workload is small, it 
has generated electricity by the surplus torque of an engine 51, and an engine 5 1 can 
be used efficiently, and energy regeneration is performed at the time of revolution 
braking. Moreover, since the absorption torque of a hydraulic pump 52 can be 
increased by assistant actuation by the discharge from a dc-battery 64 when a 
workload is large, it can work by larger absorption torque than the maximum 
generating torque of an engine 5 1 . That is, an engine can be used effectively, aiming 
at energy saving. 
[0011] 

[Problem(s) to be Solved by the Invention] However, since the oil pressure pump 
motor 58 for revolution is driven by pressure-oil supply from an accumulator 56 in a 
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technique given in the above-mentioned official report, the hydraulic circuit 
containing the pressure accumulation auxiliary means 55 (for example, a motor and a 
hydraulic pump), a control valve 57, and an accumulator 56 is needed, and a system 
becomes complicated. Moreover, since a part of energy which an engine generates is 
collected at the time of revolution braking, engine power is possible for a thing 
smaller than before, but since the amount of recovery of energy is not enough, an 
engine miniaturization cannot fully be attained. 

[0012] This invention is made paying attention to the above-mentioned problem, and 
it aims at offering the hybrid type construction equipment which can miniaturize an 
engine by performing energy regeneration efficiently by the easy system while it 
equalizes the load concerning an engine. 
[0013] 

[Means for Solving the Problem and its Function and Effect] In order to attain the 
above-mentioned purpose, the 1st invention On the revolving super-structure arranged 
free [ revolution on a base carrier ], an engine. The hydraulic pump driven with an 
engine, and the actuator driven with the discharged oil from a hydraulic pump, In the 
hybrid type construction equipment equipped with the 1st motor driven with an 
engine, the dc-battery which charges the generated output by the 1st motor, and the 
2nd motor driven with the power of a dc-battery An absorption torque detection 
means for said 2nd motor to be a motor for revolving-super-structure revolution 
which carries out generation-of-electrical-energy actuation at the time of revolution 
braking, and charges generated output at a dc-battery, and to detect the absorption 
torque of a hydraulic pump, The predetermined output torque of the engine which 
becomes settled with an engine property is compared with the absorption torque of the 
hydraulic pump detected by the absorption torque detection means. When the 
absorption torque of a hydraulic pump is smaller than an engine predetermined output 
torque Generation-of-electrical-energy actuation of the 1 st motor is controlled by 
excessive torque, and when the absorption torque of a hydraulic pump is larger than 
engine predetermined torque, it is considering as the configuration equipped with the 
control unit which controls motor actuation of the 1st motor to generate the torque of 
an insufficiency. 

[0014] According to the 1st invention, a workload is small, when the absorption 
torque of a hydraulic pump is smaller than an engine predetermined output torque, it 
generates electricity by part for the allowances of engine power, a dc-battery is 
charged, it stores and an activity machine load is large, the 1st motor is driven with 
the power stored when the absorption torque of a hydraulic pump was larger than an 
engine predetermined output torque, the torque of an insufficiency is generated, and 
the engine is driving and carrying out the thing emasculation of the hydraulic pump. 
That is, since usage [ output / engine ] of "taking out what stored when remaining, and 
was stored when insufficient" is carried out, equalization becomes possible about the 
load concerning energy saving and an engine. Thereby, the engine which has the rated 
output of average need horsepower is employable, maintaining the absorption torque 
of a hydraulic pump. Moreover, since the revolution drive system was made electric, 
the system of a revolution drive system becomes possible [ constituting from an easy 
system without a hydraulic power unit ], and can change and revive the inertia energy 
of a revolving superstructure to electrical energy at the time of revolution braking. By 
performing this revolution regeneration, a part of engine power is collected efficiently. 
And since this energy regeneration is performed, the above-mentioned average need 
horsepower becomes low, and the miniaturization of the engine to adopt can fully be 
attained. 
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[0015] Said actuator is a boom cylinder and the 2nd invention is considering it as the 
configuration which was equipped with the hydraulic motor which rotates from return 
oil from the bottom side of a boom cylinder, and the generator which is connected 
with this hydraulic motor and charges generated output at a dc-battery, and was 
equipped with **. 

[0016] Since the system generated using the high-pressure return oil of a boom 
cylinder is used [ according to the 2nd invention ] in addition to the operation 
effectiveness of the 1st invention, the potential energy of an activity machine can be 
changed and revived to electrical energy. Since average need horsepower becomes 
low rather than the 1st invention by performing regeneration at the time of this boom 
lowering, an engine miniaturization can be advanced further. 
[0017] 

[Embodiment of the Invention] Hereafter, an operation gestalt is explained to a detail 
with reference to a drawing. Drawing 1 shows the block diagram of a drive system by 
using as a hydraulic excavator the example machine of the construction equipment 
which applies this invention. The pressure oil breathed out from the variable-capacity- 
type hydraulic pump 2 driven with an engine 1 is supplied to an actuator 4 (boom 
cylinder 4a, arm-hydraulic-cylinder 4b, bucket-hydraulic-cylinder 4c, and right-hand 
side transit motor 4d and left-hand side transit motor 4e) through a control valve 3. 
Centrifugal-spark-advancer la which receives the centrifugal-spark-advancer 
command from a controller 5 governs an engine 1. The tilt angle of the cam plate of a 
hydraulic pump 2 is driven by the cam-plate angle driving means 6 driven according 
to the command from the load concerning an actuator 4, and a controller 5, and is 
controlling the discharge quantity of the pressure oil from a hydraulic pump 2. 
[0018] The engine 1 is equipped with the 1st motor 7 which was united with the 
flywheel. That is, it is the induction motor which used the flywheel as the rotator and 
prepared the stator in the perimeter, and it serves also as the fiinction as a generator 
and it is possible to carry out change-over actuation of the motor actuation which 
carries out the emasculation of the hydraulic-pump drive of an engine 1, and the 
generation-of-electrical-energy actuation which generates an engine 1 as a driving 
source. The 1st motor 7 is connected to the dc-battery 9 through the 1st inverter 8. 
The 1st inverter 8 is controlling generation-of-electrical-energy actuation and motor 
actuation of the 1st motor 7 like the after-mentioned according to the command from 
a controller 5. 

[0019] It can be freely circled in 12 with the 2nd motor 10 which is the revolving 
super-structure of a hydraulic excavator and was connected through the reducer 13. 
The 2nd motor 10 serves as the function as a generator as well as the 1st motor 7, and 
is an induction motor which can carry out change-over actuation of the motor 
actuation which drives a revolving super-structure 12, and the generation-of- 
electrical-energy actuation by the inertia energy of the revolving super-structure 12 at 
the time of revolution braking. The 2nd motor 10 is connected to the dc-battery 9 
through the 2nd inverter 11. The 2nd inverter 1 1 is controlling generation-of- 
electrical-energy actuation and motor actuation of the 2nd motor 10 like the after- 
mentioned according to the command from a controller 5. 

[0020] By-pass-line 15a equipped with the hydraulic motor 16 is prepared in the duct 
15 by the side of the bottom of boom cylinder 4a, and the return oil from boom 
cylinder 4a at the time of boom cylinder degeneration (at the time of boom lowering) 
passes by-pass-line 15a by the check valve 14 of a duct 15, and it is constituted so that 
a hydraulic motor 16 may drive in this case. The generator 17 is connected to the 
hydraulic motor 16, and this generator 17 is connected to the dc-battery 9 through the 
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AC/DC converter 18. 

[0021] Dc-batteries 9 are rechargeable batteries, such as a lithium ion battery. If this 
kind of dc-battery becomes an elevated temperature, since the rise of internal pressure, 
disassembly of the electrolytic solution, etc. occur and it will be in an unstable 
condition, it is necessary to perform temperature management severely. Therefore, dc- 
battery controller 9a of an attachment is always supervising the electrical potential 
difference of a dc-battery 9, a current, temperature, etc., and is performing 
temperature management and control of discharge and charge. 
[0022] A controller 5 inputs the detecting signal from the control input detectors (for 
example, potentiometer) 21a, 22a, 23a, 24a, and 25a formed in each of the boom 
control lever 21 which an operator operates, the arm control lever 22, the bucket 
control lever 23, the right-hand side transit pedal 24, and the left-hand side transit 
pedal 25, and is controlling the flow rate of the pressure oil which controls a control 
valve 3 by the driving means which is not illustrated, and is supplied to the 
corresponding actuator 4. Moreover, a controller 5 inputs the detecting signal from 
control input detector 26a prepared in the revolution control lever 26, and is 
controlling motor actuation of the 2nd motor 10 through the 2nd inverter 11 . 27 is the 
actuation switch formed in one knob of the above-mentioned control levers, and is a 
switch operated to increase the short-time digging force. 

[0023] The controller 5 has inputted the detecting signal from the torque sensor 32 
which detects the output torque of the rotation sensor 3 1 which detects the engine 
speed of an engine 1, and an engine 1. Moreover, the controller 5 has inputted the 
detecting signal from a pressure sensor 34 which detects the discharge pressure of the 
cam-plate angle sensor 33 which detects the cam-plate angle of a hydraulic pump 2, 
and a hydraulic pump 2. 

[0024] A controller 5 transmits the centrifugal-spark-advancer command of a rated 
revolution NA to a centrifugal spark advancer at the time of an activity, and an engine 
1 serves as an engine-torque property shown in drawing 2 . And the controller 5 is 
controlling the 1st motor 7 by the rated output point Pa of this engine-torque property 
like the after-mentioned through the 1st inverter 8 to carry out a constant torque 
constant rotation drive. In addition, in this drawing. La is an average need horsepower 
curve mentioned later. Moreover, the engine-torque property shown with a broken 
line is the engine-torque property of the conventional hydraulic excavator, and has the 
rated output point PH equal to the maximum need horsepower L needed for a 
hydraulic excavator working. 

[0025] (1) When load torque is smaller than an engine output torque, a workload is 
small, and when the absorption torque of a hydraulic pump 2 is smaller than the 
output torque of an engine 1 (for example, point Pb of drawing 2 ), a controller 5 
carries out generation-of-electrical-energy actuation of the 1st motor 7 by surplus 
torque. That is, a controller 5 computes surplus torque by comparing with a rating 
torque the pump absorption torque which can be found from a pump discharge 
pressure and a cam-plate angle, and it controls the current which flows to the 1st 
motor 7 by the 1st inverter 8 so that this surplus torque acts on the 1st motor 7 as 
generation-of-electrical-energy torque. And the electrical energy generated by this 
surplus torque is stored electricity at the dc-battery 9. Therefore, a part is absorbed by 
the hydraulic pump 2, the output of an engine 1 is consumed by activity machine 
drive, the remainder is absorbed by the 1st motor 7 which carries out generation -of- 
electrical-energy actuation, and a dc-battery 9 stores electricity it as electrical energy. 
[0026] (2) When load torque is larger than an engine output torque, a workload is 
large, and when the absorption torque of a hydraulic pump 2 is larger than the output 
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torque of an engine 1 (for example, point Pc of drawing 2 ), a controller 5 carries out 
motor actuation of the 1st motor 7, generates the torque of an insufficiency, and carry 
out the emasculation of an engine 1 driving a hydraulic pump 2. That is, a controller 5 
computes insufficient torque by comparing with a rating torque the pump absorption 
torque which can be found from a pump discharge pressure and a cam-plate angle, 
and it controls the current supplied to the 1st motor 7 from a dc-battery 9 by the 1st 
inverter 8 so that the 1st motor 7 outputs this insufficient torque. Therefore, in 
response to the electric power supply from a dc-battery 9, the 1st motor 7 generates 
insufficient torque in an activity machine drive, and all the outputs of an engine 1 are 
raising the absorption torque of a hydraulic pump 2 to the conventional maximum 
need horsepower like the point Pc of drawing 2 while being absorbed by the hydraulic 
pump 2. 

[0027] By the above (1) and control of (2), if allowances are in the torque of an 
engine 1, it will generate electricity by part for allowances, if the torque of an engine 
1 runs short, the emasculation by motor actuation will be received, and the load 
concerning an engine 1 is equalized. Thereby, an engine 1 can carry out a constant 
torque constant rotation drive at the rated output point Pa regardless of the size of a 
workload. 

[0028] At the time of revolution actuation, a controller 5 inputs the actuation signal 
according to the control input of the revolution control lever 26 from control input 
detector 26a, and controls motor actuation of the 2nd motor 10 through the 2nd 
inverter 1 1 according to this actuation signal. Thereby, the swing speed according to a 
lever control input is obtained. Moreover, at the time of revolution braking, the 
controller 5 is performing energy regeneration which changes the 2nd motor 10 into 
generation-of-electrical-energy actuation, changes a change and the inertia energy of a 
revolving super-structure 12 into electrical energy, and stores electricity a dc-battery 9 
so that torque may occur in the sense which brakes revolution. 
[0029] The oil pressure of the bottom room of boom cylinder 4a supporting the self- 
weight of an activity machine (a boom, an arm, bucket) and a bucket loading object is 
high pressure, and the high-pressure return oil of this boom cylinder 4a drives the 
hydraulic motor 16 formed in by-pass-line 15a at the time of boom lowering. Thereby, 
the power which the generation-of-electrical-energy drive of the generator 17 
connected to the hydraulic motor 16 is carried out, and is generated is changed into 
direct current power by the AC/DC converter 18, and a dc-battery 9 supplies and 
stores electricity it. That is, at the time of boom lowering, potential energy is changed 
into electrical energy and energy regeneration is performed. 

[0030] When digging up the buried rock, when calling it here No. 1, there is a case 
where he wants to work by increasing the digging force in common excavation like. 
In this case, if an operator turns ON the actuation switch 27, a controller 5 will carry 
out specified quantity increase of the emasculation torque of motor actuation of the 
1st motor 7, and will increase the absorption horsepower of a hydraulic pump 2 while 
it carries out specified quantity increase of the rotational frequency of an engine 1. 
This has acquired the digging force in which the above increased. Since this control 
serves as a drive exceeding rating, after a load is lost, it is desirable to be 
automatically canceled by progress of predetermined time (for example, for 5 
seconds). 

[0031] In this invention, by making a revolution driving source electric, it is an easy 
system without a hydraulic power unit, and energy regeneration at the time of a 
revolution drive and revolution braking is enabled. Furthermore, since the system 
generated using the high-pressure return oil of a boom cylinder is used, the potential 
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energy of an activity machine is revived to electrical energy, and energy saving can be 
aimed at. Furthermore, adoption of the engine which has the rated output of average 
need horsepower is enabled, storing a part for the surplus of engine power as 
electrical energy, aiming at energy saving, emitting the electrical energy stored when 
an output was insufficient, and maintaining the conventional pump absorption torque 
by equalizing the load concerning an engine. By the regeneration at the time of 
revolution braking, and regeneration at the time of boom lowering, since a part of 
engine power is collected efficiently, this average need horsepower can be set up 
lower than the conventional average load in drawing 4 . For this reason, it becomes 
possible to fully attain an engine miniaturization. Moreover, in order to carry out the 
rated drive of the engine of rated horsepower smaller than before, improvement in 
fuel consumption and an improvement (decrease of discharge of C02) of exhaust gas 
are also attained. In addition, the above-mentioned average need horsepower may be 
set as the rate of an average load of 1 cycle of the "digging loading activity" by 
drawing 4 in consideration of the amount of energy regeneration, and even if it makes 
it set it as the rate of an average load in the activity not only on this but the 1st in 
consideration of the amount of energy regeneration, it is not cared about. Moreover, 
as energy regeneration, although regeneration at the time of revolution braking and 
regeneration at the time of boom lowering are carried out, one of operations is 
sufficient. Moreover, although the example driven at a rated output point explained 
the engine, if it is near a rated point, it cannot be overemphasized that the same 
effectiveness is acquired. Furthermore, although the hydraulic excavator was 
mentioned as the example and explained, this invention may be applied to a truck 
crane. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fPrawing 1] It is the block diagram of the hybrid system concerning an operation 
gestalt. 

[Drawing 2] It is an engine-torque property Fig. concerning an operation gestalt. 
[Drawing 31 It is an engine-torque property Fig. concerning the conventional 
technique. 

[Drawing 4] It is drawing showing the load effect of a hydraulic excavator. 
[Drawing 5] It is the block diagram of the hybrid system of the conventional 
technique. 

[Description of Notations] 

1 [ - A boom cylinder, 5 / - 7 A controller, 10 / - 8 A motor, 1 1 / - An inverter, 9 / - 
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- A dc-battery, 12 / - A revolving super-structure, 1 7 / - A generator, 1 8 / An 
AC/DC converter, 3 1 / - A rotation sensor, 321 -A torque sensor, 33 / - A cam- 
plate angle sensor, 34 / - Pressure sensor. ] - An engine, 2 - hydraulic pump, 3 - A 
control valve, 4 - An actuator, 4a 
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